In this paper, a compact triangular defected ground plane monopole antenna with 5G, WLAN, and downlink/uplink of X-band notched characteristics for UWB applications is presented. The initial design consists of a CPW rectangle-shaped patch with a triangular, slotted ground plane to obtain ultra-wideband feature. The 3.3-3.7 GHz for the 5G band is eliminated by inserting dual symmetrical Tshaped slots at the upper edge of the ground plane. Further, a metamaterial as dual symmetrical single split ring resonator slits is etched at the bottom edge of the ground plane to suppress electromagnetic interference at IEEE upper WLAN band from 5.72 to 5.84 GHz. To restrict the interferences with the existing downlink and uplink for X-band signals from 7.1 to 8.39 GHz, we load a single I-slot to the radiator patch. The small size of the presented triple band eliminated antenna makes it a candidate suitable for recent communication systems.
INTRODUCTION
As the research and evolution of communication and information technologies have drawn great attention in the past few years, various electronic devices using wireless communication technologies are being manufactured to cover short range frequency spectrum. UWB antenna has several attractive characteristics such as easy manufacture and uses in single chip, omnidirectional radiation pattern, high processing gain, good radiation efficiency and so on. The existing licensed bands like 5G, WLAN, and X-band can provide interferences with ultra-wideband (UWB) systems [1] . It is still a challenge to conceptualize small and efficient UWB antennas.
Several microstrip patch antennas have been developed to overcome this problem and to design band-notched characteristics. Quite a few elements are reported and studied in [2, 3] . Gong et al. used a metamaterial as a complementary split ring resonator (CSRR) and loaded it in a regular hexagonal shape radiation patch to eliminate the lower and upper WIMAX bands and a pair of inverted T-shaped conductor-backed planes loaded in the upper edge of the ground plane to suppress downlink of X-band signals [4] . Bong et al. published a dual-band filters antenna using a split ring-shaped slit to reject 5G band and a V-shaped slot to suppress the licensed WLAN band [5] . Xi et al. loaded a UWB antenna with two resonators and used a capacitor to obtain tunable dual band notched features [6] . Hammache et al. integrated three C-shaped slots in the hexagonal part of the design to eliminate triple band features [7] . Several other methods have been reported to create a UWB range with eliminated properties such as switched band rejected using double inverted S-shaped slots [8] , modified H-shaped resonator embedded in UWB antenna [9] , using electromagnetic band gap structures [10] , using DGS and a semi-arc shaped slot [11] .
In this letter, a triangular shape [12] triple band-eliminations UWB structure with double symmetrical inverted T-shaped slots and dual Split Ring Resonator (SRR) metamaterial slits are perforated in the top and bottom edges of the ground plane to suppress respectively the 5G (3.3-3.7 GHz) and WLAN (5.72-5.84 GHz) bands. In order to avoid the problem of interference with the existing downlink and uplink for X-band spectrums from (7.1-8.39 GHz), a single I-shaped slot is embedded as a slot in the rectangular radiator of the antenna. The simulated and measured results show that this proposed UWB antenna can offer an operating frequency from 2.93 GHz to 10.04 GHz with 10 dB return loss bandwidth, except the mentioned three notched bands. The simulated and measured results are quasi-consistent. The proposed antenna can be a good candidate to fulfil the recent developments in wireless UWB applications.
ANTENNA DESIGN

Antenna Design and Discussion
The geometry of the evaluated triple band-eliminated UWB triangular defected ground plane antenna is illustrated Figure 1 . The proposed design is fed by a 50 Ω microstrip line with W f = 3 mm and Lf = 9 mm, and fabricated on an FR4 substrate with ε eff = 4.3 (permittivity) and tan δ = 0.025 (loss tangent). The slotted UWB antenna has a size of 26 × 26 × 1.6 mm 3 , and the radiating element is designed with a rectangle-shaped form. The Computer Simulation Technology (CST) Microwave (MW) parameters of the final obtained optimized antenna designs are: W s = 26 mm, Ls = 26 mm, W p = 9 mm, Lp = 3 mm, W f = 3 mm, Lf = 9 mm, W g = 11 mm, Lg = 7 mm, W S1 = 5 mm, Ls1 = 0.7 mm, W r = 9.5 mm, Lr = 1.5 mm, W t = 5 mm, Lt = 10.5, A = 22.5, B = 1, G = 0.6 mm, Gt = 2 mm. The wanted eliminated signals can be obtained using the following equations [13, 14] .
The total length L of all introduced slots and slits at the unwanted frequency bands can be calculated using Equation (2), and c is defined as the velocity of the light in free space. The dielectric is characterized by its constant effective ε eff . Therefore, the eliminated signals can be tuned to the wanted frequency spectrum by optimizing the dimensions of the inserted slots. The first step in Figure 2 (a) depicts the initial design without inserting slots and its reference UWB antenna, and the second step in Figure 2 patch element. Finally, we identically cut two SRRs in the ground plane, and the desired final proposed antenna is obtained (Figure 2(d) ).
Four traces of the reflection coefficient for the mentioned steps are shown in Figure 3 . Trace 1 represents a UWB spectrum (3 GHz to 11 GHz) with a return loss less than −10 dB (antenna 1). Trace 2 depicts S 11 of the prototype antenna with a single suppressed band in the frequency range of 5G applications (antenna 2). X-band signals are rejected when an open single I-shaped slot is inserted into the patch, and this case is shown in trace 3 (antenna 3). In the last step, the WLAN band is rejected by the integration of two SRR metamaterial slots [15] . This last trace illuminates the behavior of the final combined proposed structure (antenna 4), which consists of novel triple band filtered 5G, WLAN, and X-band signals. 
Parametric Study for the Rejected Bands
The WIMAX and WLAN Eliminated Bands
Figures 4(a) and 4(b) present influences of the double inverted T-shaped slot dimension on the return loss versus frequency trace. As seen in this figure, the unwanted signal is moved from 4 to 3.2 GHz when the length Lt of the T-shaped slot is improved from 9.5 to 12.5 mm by a step of 1 mm, and the reject in 5G spectrum is centred at 3.5 GHz with S 11 value of −3.5 dB (Figure 4(a) ). However, to ensure a good 5G band elimination, the return loss value changes from 6.5 dB to 3 dB when varying the width W t from 2 to 5 mm of inserting T-shaped slot (Figure 4(b) ). 11 function of the frequency trace. As observed, the filtered signal increases from 4.5 to 5.8 GHz when the width W r of SRR slot decreases from 3 to 1.5 mm. The notch in WLAN band is centred at 5.8 GHz with a reflection coefficient value of −4.5 dB ( Figure 5(a) ). Moreover, for a better WLAN signal suppression, the S 11 value changes from 7 dB to 5 dB when varying the gap G of the dual SRRs from 0.3 to 0.6 mm by a step of 0.1 mm ( Figure 5(b) ). 
Figures 5(a) and 5(b) depict effects of the dual symmetrical SRR slot dimension on S
(b) (a)
The X-Band Eliminated Signals
Figures 6(a) and 6(b) illuminate effects of the open I-slot dimension on S 11 versus frequency plot. It is shown that as the width W s1 of I-slot value increases from 4 to 5.5 mm, the rejected signal shifts from 9.5 to 7.5 GHz. The reject in X-band spectrums is centred at 8 GHz with a reflection coefficient value of −3 dB (Figure 6(a) ). Finally, for a good X-band signal suppression, the reflection coefficient value is enhanced from 5.5 dB to 2.5 dB when varying the length Ls1 of I-slot from 0.4 to 1.3 mm with a step of 0.3 mm (Figure 6(b) ). 
Simulated Current Distribution, Realized Gain and Radiated Efficiency
In order to elucidate the generation of filter band frequencies. The surface current distribution density of the proposed triple band isosceles triangular antenna, at 3.5, 5.8, 8, and 9 GHz, is shown in Figure 7 respectively. At the first mentioned frequency 3.5 GHz, strong current density is concentrated around the double rotated T-slots to reject 5G band while a small current flows around the rest parts of the structure. At the second notched band (5.8 GHz), the current largely flows around the dual symmetrical split ring resonator to filter WLAN signals. Therefore, its density is high in the open I-slot to filter the third band (8 GHz) while the current at 9 GHz is uniformly distributed in the patch elements. Thus, these slots prove that the production of the eliminating waves is caused by resonating at the filtered frequencies [15] . Figure 8 illuminates the simulated realized gain and radiated efficiency of the triple band notched antenna. A stable and positive realized gain and radiated efficiency are found in the UWB range [16] with maximum gain value of 4 dB except in the notched frequency spectrums, and the value of the gain is reduced to become negative.
MEASUREMENT RESULTS AND DISCUSSION
Simulated and measured reflection coefficient parameters as well as a photograph of the proposed antenna are presented in Figure 9 . The prototype of isosceles triangular three band notched antenna is manufactured, and S 11 parameters are tested using the ZVB 20-Vector Network Analyzer 20 MHz-20 GHz. The measured results are in quasi-consistence with the simulated ones. A little shift seen between the optimized and measured results is due to the condition of measurement. Table 1 depicts the comparison between this work and other recently published works in terms of bandwidth, total area, gain, and rejected band number. It can be seen from this comparison that the presented structure has a very compact size of 676 mm 2 , is triple band notched, and covers the entire FCC band with acceptable gain features with a maximum value of 4.8 dB compared with other similar works. 
COMPARISON WITH RECENTLY PUBLISHED WORKS
CONCLUSION
In this paper, a novel compact triple band controllable band rejected antenna with three differently shaped slots for notched bands has been presented and discussed. To create notched signals for three frequency bands in 5G, upper WLAN band, and X-band, we integrate respectively dual symmetrical T-shaped slots, dual symmetrical single split ring resonator slits, and a single I-slot to generate notched bands. Measured and simulated results have proven the responsibility of slots for filtering frequency at the desired bands without the gain and efficiency in the UWB range. Finally, the presented filtered antenna is formed to eliminate interference, and with these characteristics, the purpose of solving the interference between UWB and the existing 5G, WLAN, and X-band is successfully achieved.
